This paper uses laboratory experiments to investigate compliance behavior when returns are selected for audit based upon the deviation of each individual's tax report from the average report of all other taxpayers. Our experimental results indicate that individuals find it difficult to coordinate on the zero-compliance equilibrium. However, pre-game communication that mimics information-sharing provided by tax guides provides a mechanism that allows such coordination. Nevertheless, the tax authority is able to overcome this taxpayer coordination by a subtle change is its audit rule, a change that targets the audits in a different way without increasing the number of audits.
Introduction
A major tool of tax agencies to reduce income tax evasion is the audit of individual tax returns. With an audit, the amount of income (or other tax return items) reported by the taxpayer is checked by the agency, and fines are imposed on the taxpayer, if he or she is found to have under-paid the tax. The simplest method of selecting returns is a random audit rule, in which each individual faces a fixed and predetermined probability of audit, regardless of his or her report. Many tax agencies do in fact randomly select some returns for audit. However, much audit selection is heavily dependent upon the information reported by taxpayers on their returns. Here the agency selects returns randomly for audit on the basis of information from the returns. With such an endogenous audit rule, the probability of audit is not fixed and constant but becomes variable and endogenous, depending in part upon the behavior of both the taxpayer and the tax agency.
There are many ways by which a tax agency can utilize information on the tax returns to determine whom to audit. One endogenous audit selection rule recognizes the dynamic aspect to compliance; that is, the tax agency may be able to use a taxpayer's history in targeting whom to audit, so that taxpayers known to have been non-compliant in the past will be audited more frequently in the future. Another endogenous audit rule applies this same approach to previous periods, so that individuals audited and found to be dishonest in the current period face the certain prospect that the tax agency will go back in time to previous period's declarations. Both of these rules have been shown to be more effective in deterring evasion than a simple random audit rule based only on current period declarations (Greenberg, 1984; Landsberger and Meilijson, 1982; Rickard et al., 1982; Alm et al., 1993) .
Still another endogenous audit rule is based upon the deviations of each individual's tax report from the average of the reports of others in the taxpayer's cohort. For example, in the United States the Internal Revenue Service (IRS) uses the results of its previous experience with audited returns to devise a formula called the "discriminant index function" (DIF) that determines which tax returns to audit based upon items reported on the current returns. This formula estimates a "DIF score" for each return, with a higher DIF score indicative of a return with a higher likelihood of additional assessments in excess of audit costs. These DIF scores lie behind the so-called "audit flags": individuals who deviate from the average behavior of their assigned cohort send up a flag, and the IRS audits those for whom the flag indicates possible low compliance. The IRS does not reveal the details of this audit rule, but many tax professionals routinely publish guides that provide information about which deductions (and other reporting strategies) they believe are allowed and which they think are likely to be challenged. 1 In fact, IRS audits based upon the DIF score generate significantly more additional assessments than purely random audits, and roughly one-half of all audited returns in the United States are now selected by this approach (United States General Accounting Office, 1976 , 1998 . Many other countries follow a similar practice.
Tax professionals have long recognized the broad outlines of this audit process. Nearly every year, especially around April 15th, articles and books appear with titles such as "How to avoid a tax audit," most arguing that taxpayers should try to avoid waving a red flag in front of the IRS. For example, Aczel (1995) argues that large deductions relative to income increase the likelihood of an audit, with over 90 percent of all audits triggered by the size of deductions relative to income. He claims that his analysis shows that the audit probability goes up significantly when deductions are between 35 and 44 percent of adjusted gross income and that a ratio in excess of 44 percent is almost certain to trigger an audit. Other, more specific flags identified by tax professionals include larger than typical medical deductions, mortgage interest deductions, travel and entertainment expenses, home office deductions, charitable donations, dependent exemptions, casualty losses, or tax shelter losses. Web sites are widely available that indicate the levels of itemized deductions or Schedule C business expenses relative to income that make a taxpayer "unlikely," "likely," or "almost certain" to be flagged for an audit. 2 The basic advice of these tax professionals is quite simple and easily summarized: "Don't be different."
This endogenous audit rule, therefore, implies that one's chance of audit depends upon one's behavior relative to all other taxpayers. Because the tax agency faces a budget constraint and cannot audit all returns, each individual can still cheat on the taxes, as long as he or she simply makes sure that his or her DIF score is lower than enough other taxpayers to fall below the agency's threshold. With the agency essentially selecting a return for audit on the basis of the deviation between that return's report and the average report of all others in the audit class, each individual must in principle guess the behavior of others when making his or her compliance decision. More realistically, given the millions of taxpayers who file returns, each taxpayer must guess the behavior of the "average taxpayer" upon whom his or her individual deviation is based.
This type of endogenous audit rule has not been examined in the tax compliance literature. However, work on coordination games is obviously relevant (Cooper et al., 1990 (Cooper et al., , 1992 Van Huyck et al., 1990 , 1997 . Because audit selection is based upon relative reporting behavior, there is a game among the taxpayers, and taxpayers will have an incentive to coordinate their reporting behavior so that no taxpayer has a DIF score that deviates too much from the average. In this coordination game, there are multiple equilibria, and those equilibria that involve low reporting of tax liabilities are clearly preferred by the taxpayers as a group. 3 However, these may not survive refinements (such as properness), since a taxpayer can reduce his or her audit probability by reporting a slightly higher tax liability than others in the audit class. The coordination equilibria that involve low reporting are, therefore, vulnerable to defection, at least for sufficiently high penalties.
The important issue here is whether this method of audit selection encourages or discourages tax compliance. More precisely, can taxpayers coordinate their compliance behavior when audits are based only on the DIF rule? Does application of the DIF rule with some tolerance in the allowed deviation affect compliance? Are there tactics available to taxpayers that allow them to achieve the zero-compliance equilibrium? If there are such tactics, can the tax authority devise methods that overcome them?
These are the issues examined in this paper. We report the results of laboratory experiments that investigate the compliance behavior of individuals when audits are conducted on the basis of deviations of reported return items among the taxpayers. Our experimental results indicate that individuals typically find it difficult to coordinate on the zero-compliance equilibrium, especially when the DIF audit rule is applied with some tolerance. However, pre-game communication (or "cheap talk") that mimics the kinds of information-sharing provided by tax guides and professional opinions provides a mechanism that allows such coordination. Nevertheless, the tax authority is able to overcome this taxpayer coordination by a subtle change in its audit selection rule, a change that does not increase the overall number of audits but that targets the audits in a slightly different way.
The next section presents the underlying theory of coordination games and relates this theory to the tax compliance game. The third section discusses our experimental design. Results are presented in the fourth section, and conclusions are in the final section.
Theory and hypotheses
In many games, there are multiple equilibria, and standard deductive equilibrium analysis is unable to determine which of these many possible equilibria the players will actually select. However, it is possible to argue that some Nash equilibria are implausible and will not be chosen. It is here where the notion of a "coordination game" enters. The essential feature of a coordination game is that there is no dominant strategy. Instead, there is a conditional best response that involves a matching of strategies across players.
The genesis of coordination games is the Schelling (1960) concept of a focal equilibrium, in which players in a game will have the highest payoffs if they can coordinate on a strategy. In the simplest version, the individuals are indifferent as to the actual strategy as long as all players choose the same one. The players have information that enables them to focus on a particular strategy that will improve the likelihood of reaching the coordinated outcome. In the context of a simple two-person coordination game, the payoffs to both players are higher when they can coordinate their strategies so as to lie on the diagonal in the payoff matrix. 4 A similar game arises in the tax compliance setting. With compliance, there is a game among the taxpayers in a given cohort, instituted by the tax authority's use of a conditional audit rule that selects returns for audit on the basis of some difference or deviation in reporting behavior among taxpayers. In the United States, this audit rule is the DIF rule.
The formulation of the DIF audit selection rule relies upon the Taxpayer Compliance Measurement Program (TCMP), which began in 1962 and was continued on a roughly 3-year cycle until 1988. The TCMP is a detailed line-by-line audit of a stratified random sample of approximately 50,000 individual tax returns. Each item on the return is examined by an auditor, who compares the amount actually reported by the taxpayer with the auditor's estimate of the "true" amount. The taxpayer is liable for any additional tax payment plus interest and penalties uncovered by the audit. The IRS then uses statistical methods similar to discriminant analysis to estimate the relationship between the likelihood of a substantial audit assessment and individual tax return characteristics, with the returns separated by audit class; the dependent variable in this estimation is the auditor's total recommended tax change for a return, and the independent variables are various return items reported by the taxpayer, entered in linear and non-linear forms. The output of this analysis is a formula that 
Because the payoffs to player B are symmetric, the coordinated strategies are along the diagonal and are in bold; the coordinated strategies are also the Nash equilibria. With the addition of a random audit rule with a probability of audit p, the elements on the diagonal of this matrix equal
, and are (from the upper left) 3. 50, 3.68, 3.86, 4.04, 4.22, and 4.40; all other (off-diagonal) elements are unchanged.
assigns a "DIF score" to every tax return within the audit class, based upon reported return characteristics. The returns with the highest DIF scores are the ones predicted to have the greatest potential for a substantial audit assessment, and these returns are then selected for possible audit consideration, subject to the availability of examination resources.
This description makes it evident that a taxpayer's probability of audit is based not only upon his or her reporting choices, but also upon these choices relative to other taxpayers in the cohort. In short, there is a taxpayer-taxpayer game that determines each individual's chances of audit selection.
To illustrate, consider for simplicity a two-person game (the argument easily generalizes to a multi-person game), as well as a discrete setting in which each taxpayer has true income I of $5 and must choose the amount of income to report, R. The individual pays taxes on reported income at the tax rate t, assumed to be 0.3 (or 30 percent). The individual pays no taxes on unreported income. However, if audited, then the individual is assumed to pay unpaid taxes plus an additional fine of unpaid taxes, so that the effective fine rate f is equal to 2. Now, if both individuals report $5, then no one is audited, and each individual's payoff is simply income less taxes, or $3.50. Similarly, no one is audited if each reports $4, $3, and so on down to a common report of $0. In these cases, each taxpayer again has the same payoff, equal to income less taxes on reported income. However, if one taxpayer reports, say, $4 while the other reports $5, then the taxpayer with the lower report will be audited, the unreported income will be detected ($1), and the taxpayer must pay a fine of $.60 (or 2 × 0.3 × $1). The payoff to this taxpayer is now only $3.20 (or $5 less $1.20 taxes on reported income less $.60 fine on unreported income). The payoff to the other taxpayer is $3.50 (or $5 less $1.50 taxes on reported income).
The payoffs to the row player (player A) in the discrete strategy version of this game are shown in Table 1 ; the payoffs to the column player (player B) are symmetric. The coordinated strategies for players A and B are shown in bold type. There is no dominant strategy for either player, and any combination of equal reported incomes is a Nash equilibrium. Clearly, however, the coordinated strategies are Pareto-ranked by the taxpayers. The optimal behavior for both players is to coordinate on reporting zero income because this yields the highest payoff: if the tax authority only audits on the basis of the difference, neither is audited and each succeeds in paying zero taxes.
More formally, the payoff to each player can be defined as follows. Denoting the reported income of player i as R i , then player A's payoff π A equals:
where each player receives the same true income I. The payoffs to player B are symmetric. The coordinated strategies are equal levels of unreported income, and the payoff-dominant strategy is to report zero income.
However, it is well known that coordination games provide special difficulties for the selection of equilibrium strategies (Sefton, 1999) . Consequently, an issue in coordination games is the equilibrium selection. In games such as those shown in Table 1 , the players can coordinate on many strategies; in fact, there is an infinite number if the strategy space is made continuous or if mixed strategies are played. However, there are some strategies that the players will prefer, and the behavioral question has been whether they will be able to select these. The presence of multiple equilibria that are robust to conventional refinements makes it difficult to predict play in such games absent some additional factors that may make some outcomes more focal than others. The presence of millions of taxpayers also makes it difficult to predict play.
It is, therefore, an empirical question whether the taxpayers in a given cohort can coordinate on the zero-compliance outcome. This is the first issue addressed here:
1. Can taxpayers coordinate on the zero-compliance Nash equilibrium when audits are based solely on the DIF rule?
Experimental evidence (Cooper et al., 1990; Van Huyck et al., 1990 , 1997 suggests that taxpayers will find it difficult to achieve the payoff-dominant outcome, even when the number of players is small. Due to an unavoidable imprecision in audit procedures, the tax authority is typically not able to determine non-compliance perfectly with its DIF rule. A DIF audit rule may, therefore, result in the targeting of taxpayers found to be compliant if it is applied too stringently. Consequently, the tax authority may choose to apply the flags with a tolerance factor, especially since the tax authority is also generally subject to budget limitations; that is, the authority will not audit a return unless the deviation from the average exceeds some minimum cutoff. If no one reports a deviation greater than the cutoff, then no one is audited; if the returns exhibit deviations greater than the cutoff, then the return with the greatest deviation is selected for audit. A second issue examined is 2. Can taxpayers coordinate on the zero-compliance Nash equilibrium when audits are based solely on the DIF rule, applied with a cutoff?
It seems likely that the presence of a cutoff will create some uncertainty on the part of the taxpayers, making coordination on the zero-compliance outcome even more dif-ficult. Put differently, a minimum cutoff makes the level of required coordination less precise, thereby obscuring any potential focal equilibrium of the taxpayers and increasing compliance.
Various factors may facilitate coordination on certain equilibria. In particular, shared information regarding tax deductions or other reporting behavior may enable taxpayers to coordinate behavior, leading to lower compliance levels. Many tax professionals provide such information, and trade and professional groups often provide tax guides describing classes of deductions that can be "safely" taken and income computation procedures that are "generally" accepted by the tax authority associations; the IRS itself releases information on the average amounts of reported return items by income class. All this information constitutes a form of "cheap talk" that may facilitate coordination on a reporting strategy for the cohort (Cooper et al., 1992) . The third issue examined is, therefore,
Can information-sharing via taxpayer communication help taxpayers coordinate on the zero-compliance Nash equilibrium when audits are based solely on the DIF rule?
In the context of the experiments here, this "cheap talk" is provided by pre-play communication.
If the cohort is successful in coordinating on the zero-compliance equilibrium, the tax agency may be able to overcome this outcome by adding an additional audit rule to the DIF rule. According to the United States Department of the Treasury, Internal Revenue Service (2000) and the United States General Accounting Office (1998, 1999) , the IRS uses about 40 audit programs to select returns for audits, and most of these employ non-DIF techniques to select individual returns for audit. A return may be selected when third-party sources of information, such as Forms 1099 and W-2, do not match the information reported on the tax return, or when information on potential non-compliance is received from other sources, such as other agencies, the media, public records, or informants. A return may be selected to examine the behavior of taxpayers in a particular "market segment" (e.g. farmers or waiters) or to examine a specific, questionable item. A return may also be targeted on the basis of its preparation by a tax preparer already under IRS scrutiny. In total, these other methods account for roughly one-half of all IRS audits.
Nearly all of the IRS audit programs now rely upon non-random audit selection of returns for audit. Traditionally, the only IRS program that used random selection was the TCMP, and this program has not been in operation since 1988. Currently, the IRS has several audit programs targeted at specific classifications, within which returns are then selected randomly for audit. 5 However, very few IRS audits are now based on purely random audit selection, mainly because the IRS has found that non-random selection of returns yields higher returns than random selection.
In this overall context, the simplest additional audit rule that can be implemented, and implemented in a way consistent with the IRS use of conditional audit programs (and IRS budget constraints), is a conditional random audit rule. A conditional random audit is implemented as follows: if both players report the same amount, then one player will be selected with a fixed and predetermined probability for audit. Of course, the tax agency can no doubt target its audit selection more precisely than implied by such a simple audit rule. However, this greater accuracy comes at greater cost. Consequently, it seems useful to examine the effects of a conditional random audit rule on the outcome of the earlier tax compliance game.
The expected payoffs to player A for this modified game are reported as a note to Table 1 , where the probability of audit p under the random rule is 0.2 (or 20 percent). Consider the joint strategies of reporting zero income. The expected payoff to A is now $4.40, not $5; there is a 0.2 probability of being audited and having to pay a penalty of $3, so the expected penalty equals $.60. Note, however, that if A reports income of one dollar when B reports zero, the payoff to A is $4.70. Consequently, the best response for A is no longer to report zero income when the random audit is in effect. The theory would, therefore, support the joint use of a DIF rule and a non-DIF rule based upon a conditional random audit. A fourth issue examined here becomes
Can the tax authority increase compliance by combining a DIF audit rule and a random audit rule?
The next section presents the experimental design used to investigate these issues.
Experimental design
The experimental design captures the essential features of the voluntary income reporting and tax assessment system used in many countries. 6 Human subjects in a controlled laboratory environment receive income, and each must decide how much of this income to report. Taxes are paid on reported income, but not on unreported income. However, unreported income may be discovered with some probability, and the subject must then pay a fine on the unpaid taxes. This reporting, audit, and penalty process is repeated for a given number of rounds that represent tax periods and is replicated with different sets of subjects. At the completion of the experiment, each subject is paid an amount that depends upon his or her performance during the experiment.
Subjects are recruited from undergraduate classes in economics and business, and they are organized into groups of five persons with multiple groups in each session. They are told that the experiment will last an unknown but predetermined number of periods called rounds; the actual number of rounds is 25. The currency used in the experiment is called tokens, and subjects are told that all tokens that they earn during the experiment will be redeemed for cash at the end of the experiment at a fixed conversion rate of six tokens per dollar.
At the beginning of each round, subjects are randomly assigned an amount of income, denoted in tokens and drawn from a uniform and discrete distribution with the support 6 The full set of experimental instructions is available upon request.
2.0 to 4.0 tokens, in increments of 0.2 tokens. Within a group, all subjects are assigned the same level of income in a given round; this amount varies from round to round, and the equal assignment is common knowledge. Each subject chooses a level of income to report, with taxes paid at the rate of 30 percent on reported income; the tax rate is the same in all rounds and all treatments. After all subjects have disclosed their incomes and paid their taxes, a subject may be selected for an audit, in which any unpaid taxes for the current round will be discovered and the subject must pay the unpaid taxes plus a penalty equal to unpaid taxes; the effective fine rate is, therefore, two and remains constant in all rounds and treatments. The procedures for selecting subjects for audit are described later.
Subjects have no previous experience with this experimental setting, and they are not allowed to communicate with one another during the session; as discussed later, in some treatments subjects are permitted to discuss strategies before the experiment begins. All sessions begin with the instructions being read aloud while the subjects follow along with their own copies, a procedure that ensures common knowledge. In keeping with previous research (Alm et al., 1990 (Alm et al., , 1992a , the instructions use neutral terminology (e.g. "check" versus "audit") to avoid context or framing effects that may bias subject choices unpredictably; tax terminology is used here to facilitate the discussion. Three practice rounds are given, and procedural questions are answered. The full experiment then begins. Each session lasts slightly under one hour, and each subject earns between $10 and $14, depending upon his or her performance during the experiment. Certain parameters (e.g. the tax rate and the penalty rate) are fixed throughout the experiments. All audits investigate only the current period disclosure.
Several audit selection rules are examined. The basic audit rule is a stylized version that reflects the DIF approach used by the IRS. For each subject the deviation between his or her reported income and the average reported income for the group is calculated. The subjects are then ranked on the basis of the deviations, and the highest deviation in each group is selected for audit. Of course, the actual DIF approach by the IRS is based upon a large array of items reported on an individual's tax return, not simply one item. Nevertheless, the essence of the DIF approach is to select returns based upon the deviation of a taxpayer's report from that of his or her cohort, and our stylized version captures this critical element. Also, our basic audit rule reflects the limited audit resources of the tax agency because our rule requires the selection of only a single return.
The basic audit rule examines the return with the highest deviation, regardless of the size of the deviation. This rule is modified in some treatments by allowing some tolerance, or cutoff, in the allowed deviation. If no one reports a deviation greater than the cutoff, then no one is audited; if more than one subject reports an amount of income that gives a deviation in excess of the cutoff, then the subject with the largest deviation is audited. The introduction of a minimum cutoff is intended to capture the imprecision in a tax agency's audit procedures as well as the agency's budget constraint. The tax authority is not able to determine non-compliance perfectly on the basis of the DIF function, and the authority can set a cutoff for the deviation that will trigger an audit in order to avoid largely unproductive audits. The level of the minimum cutoff is varied, from 0 (the basic audit rule) to 0.25 and to 0.50 tokens. Variation in the minimum cutoff also allows investigation of the difficulty in coordinating reporting strategies. It is expected that a Table 2  Experimental design and results a All treatments last 25 rounds. In all treatments, the tax rate is 0.30, the fine rate is 2, subjects are organized into groups of five persons, and all subjects in a group receive the same level of income in a given round, an amount that varies from round to round. The number of subjects is shown in parentheses in the upper portion of each cell.
b The "average compliance rate" is shown in the lower box of each treatment. It is calculated as the average of the individual compliance rates over all subjects, rounds, and groups in a given treatment, where the individual compliance rate is calculated as the ratio of reported income to true income. The number in parentheses is the standard deviation of the individual compliance rate. greater cutoff will make it more difficult for subjects to coordinate on the low compliance equilibria. 7 In some treatments, one additional audit rule is introduced. If no one in a given group exceeds the minimum cutoff deviation, a random audit is conducted in which one person in the group of five is randomly selected for audit with a fixed and predetermined audit probability. This additional audit rule is meant to capture the IRS use of non-DIF methods of audit. As discussed earlier, the IRS uses a variety of non-DIF techniques to select individual returns for audit. The use of a conditional random audit rule is perhaps the simplest way of capturing experimentally the IRS practice of supplementing its DIF audit rule with other conditional audit rules, within an overall budget constraint that limits the total number of audits.
A further treatment is conducted in which subjects are permitted to discuss their strategies among themselves prior to beginning the experiment but after the instructions have been read and the practice rounds conducted. This "cheap talk" mimics the provision of information within a cohort via tax professionals or trade publications. The cheap talk phase consists of a 5-min period following the practice rounds during which the subjects are free to discuss the experiment among themselves. They are monitored to ensure that no threats or agreements outside the scope of the experimental setting are made. Subjects are assigned to different stations after the cheap talk phase to reinforce the fact that they cannot use the practice rounds to determine their group assignment.
The experimental design is summarized in the top portion of each cell of Table 2 . Treatment 1 examines the ability of the subjects to coordinate their strategies with the basic DIF audit rule with a zero cutoff (Issue 1). Note that coordination should be more easily achieved in a group of five than in larger groups; if we do not observe coordination on the zero-tax equilibrium in a small group of five, then it is likely that larger groups of taxpayers will also find it difficult to achieve such coordination. Treatments 2 and 3 examine the impact of a greater tolerance in the cutoff on coordination (Issue 2). Treatment 4 investigates the role of cheap talk (CT) (Issue 3), and Treatments 5 and 6 add a random audit rule to the DIF rule, with and without the cheap talk (Issue 4).
Experimental results and discussion
The average compliance rates across groups by treatment are presented in the bottom portion of each cell of Table 2 , where the average compliance rate is calculated as the ratio of reported income to true income, averaged across all subjects, rounds, and groups in a given treatment. Individuals are clearly unable to coordinate on the zero-compliance, payoff-dominant Nash equilibrium (Issue 1), as shown by the average compliance rate of 55.0 percent in Treatment 1. In fact, the average compliance rate in any particular round only once falls below 20 percent (Group 1), and in one group (Group 2) the compliance rate averages over 90 percent for all rounds (Fig. 1) ; for Groups 1, 4, and 5, the compliance rate tends to decline over time, but compliance rises over the rounds of the experiment for Groups 2 and 3. These results are consistent with those of Cooper et al. (1990) and Van Huyck et al. (1990 , 1997 , who found that subjects were typically unable to coordinate on the payoff-dominant Nash equilibrium.
As expected, allowing some tolerance in the cutoff makes coordination on the zerocompliance equilibrium even more difficult (Issue 2). The average compliance rate increases from 55.0 percent in Treatment 1 to 63.1 percent in Treatment 2 (the 0.25 differential cutoff rule). Compliance increases still further in Treatment 3 (the 0.50 cutoff), to nearly 75 percent. The differences between these average compliance rates are all statistically significant.
However, pre-play communication reverses the coordination failure (Issue 3), as shown in Table 2 and Fig. 2 . In the presence of cheap talk in Treatment 4, the average compliance rate falls virtually to zero (or 1.7 percent). One subject in each of the two "cheap talk" (CT) groups was able to convince the others that reporting zero income is the optimal CT" refers to the Treatment 4 sessions in which pre-play "CT" communication is allowed. "CTRA" refers to the Treatment 5 sessions in which pre-play "CT" communication is allowed with a "Random Audit" process. "G1" and "G2" denote the specific "Group" in each treatment.
strategy, arguing that "No one will be audited, and we will take home all of our earnings." Group 2 subjects in this CT treatment coordinated immediately upon the zero-compliance equilibrium and remained there for the entire experiment; Group 1 subjects were slightly less successful. Still, the average compliance rate is only 3.3 percent. 8 It is striking that the simple addition in Treatment 5 of a conditional "random audit" component to "cheap talk" (CTRA) is largely able to mitigate the effects of pre-play communication, or Issue 4. The initial discussion among the subjects in Treatment 5 focused on the zero-compliance coordinated strategy, just as in the earlier cheap-talk treatment. The individuals recognized that one person would be audited each round, but they argued that overall they would still be better off if they allowed this to happen randomly throughout the session. As shown in Fig. 2 and Table 2, in both CTRA groups the compliance rate was uniformly zero in the first round, and a randomly selected individual was audited in each group. However, the subjects became increasingly unwilling to expose themselves to the risk of a random audit. The compliance rate increased immediately and tended to rise over time; after round 1, no further random audits were conducted because the subjects did not coordinate on the zero-compliance outcome. 9 8 In Group 1, the subject who made this argument was especially articulate and was wearing a reserve officer training corps (ROTC) uniform. The other subjects agreed with his assessment, and the discussion ended quickly. During this session, the ROTC student started the experiment reporting 0.01 tokens; because this amount is not different than 0 at two decimal places, no one in the group was audited. As the session progressed, this student increased his reporting level until an audit was triggered. The other subjects attempted to restore the zero-compliance equilibrium, but could not do so, so that the average compliance rate tended to rise slightly over time. The ROTC subject was never audited. 9 Note also that adding a conditional random audit mechanism to the cutoff rule increases compliance relative to the cutoff rule alone (Treatment 6 versus Treatment 1). The average compliance rate increases from 55.0 to 70.5 percent with the addition of the random audit rule, and this occurs with no additional audits. Table 3 presents the results of econometric estimation of individual behavior, using the individual round-by-round data in a set of random effects models. 10 Four model specifications are reported, based upon different inclusion of explanatory variables that are potentially endogenous. The dependent variable in each model is the individual's compliance rate in a given round, defined as the ratio of reported income to true income in that round (compliance rate). 11 The independent variables include session-specific variables for each treatment, with the omitted category the DIF audit rule with a 0.0 cutoff (or Treatment 1). The independent variables also include in Models 2, 3, and 4 individual-specific information: the individual's accumulated earnings (wealth) and a dummy variable equal to 1 if the individual was audited in the previous round and 0 otherwise (audit previous round). These variables are potentially endogenous; however, a Hausman specification test rejects the hypothesis that they are in fact endogenous, so that our preferred model is Model 4.
With the individual effects included, the results for the audit treatment variables strongly reinforce our earlier discussion. In particular, the coefficients on the audit treatments are generally significant, and their magnitudes are quite robust across the three models. For example, compliance is higher under the 0.25 and 0.5 DIF rules than when the cutoff is zero. Cheap talk always reduces compliance relative to the zero cutoff treatment; however, the addition of a random audit rule to the cheap talk treatment significantly reduces the effect of cheap talk, and compliance increases relative to the cheap talk treatment without the random audit rule. Also, in the absence of any cheap talk, compliance is higher when the random audit rule is used together with the DIF audit rule.
Interestingly, compliance is negatively correlated with an individual being audited in the most recent period. If the audits were based only upon a random process, this result might be interpreted as a "gambler's fallacy" effect. However, in the presence of an endogenous audit rule, such behavior is a best response strategy if the individual expects others to lower their compliance because they were not audited in the previous round. Also, a significant coefficient on wealth provides a test of the ability of subjects to coordinate their reporting behavior. If subjects are able to coordinate, accumulated earnings should not affect compliance, although there could be a wealth effect that captures attitudes toward risk. The results in Table 3 are consistent with the inability of subjects to coordinate, at least in the absence of cheap talk.
In sum, it is clear that subjects are largely unable to coordinate on the low (or zero) compliance equilibrium in those treatments without cheap talk (Treatments 1 and 6). It is equally clear that cheap talk with no random audit component (Treatment 4) facilitates coordination at very low levels of compliance. As emphasized earlier, the addition of a random audit rule to the cheap talk session (Treatment 5) is able to mitigate this coordination to a large extent, but even so the opportunity to engage in cheap talk still permits some coordination at low compliance levels. 12
Conclusions
Does the IRS use of a DIF audit rule generate higher or lower levels of tax compliance? The experiments reported here suggest that a DIF rule is often able to achieve high levels of compliance; that is, taxpayers find it difficult to coordinate their reporting behavior on the zero-compliance outcome. However, a certain amount of luck may be involved, and evidence from the cheap talk session is that information-sharing may be very successful in aiding the taxpayers achieve an extremely low compliance rate. In the face of this communication, the use of an additional audit rule is very useful to the tax authority, generating compliance significantly above the level achieved by a conditional audit rule alone. Importantly, this higher compliance is achieved without the expenditure of greater audit resources. The actual audit rate is virtually identical across all treatments, at 20 percent in each round, 13 and, even if audit rates could be increased at low cost to the tax agency, there is much experimental evidence that the increases in compliance that result become significantly smaller as the probability of detection increases. 14 In short, as long as taxpayers are unable 12 This result holds even when only the later rounds of the sessions are examined. 13 The audit rate is slightly lower in Treatments 2 and 3, given the tolerance in the minimum differential cutoff, and the audit rate is zero in those rounds of Treatment 4 in which subjects coordinate perfectly on the zero-compliance equilibrium. 14 For example, in an identical experimental design, Alm et al. (1993) find that increases in a purely random audit rate in increments from 5 to 50 percent are only able to increase the average compliance rate from 28 to 49 percent. Similarly, Alm et al. (1992b) find diminishing impacts from increases in audit rates.
to coordinate perfectly on the zero-compliance equilibrium, a DIF audit rule in combination with a conditional random audit rule generates no more audits than a DIF rule by itself.
In fact, the IRS splits its audit rules roughly equally between DIF and non-DIF methods. One may perhaps think of the IRS audit strategy as one in which the tax authority has a fixed budget and employs the following audit scheme: conduct DIF audits first, then conduct conditional random audits if the DIF audits do not exhaust the audit budget, and also conduct a small subset of purely random audits to generate the data needed to construct the DIF audit rule (and also to generate some taxpayer uncertainty). 15 However, this audit strategy was determined, our results suggest that it is a policy that is well-grounded, at least for a tax agency interested in maximizing its net revenues. In a world in which taxpayers are informed about IRS use of "audit flags," the combination of DIF audits and non-DIF audits is able to generate substantially more compliance than DIF audits alone, even when the non-DIF method is based on a simple audit selection rule, and these additional revenues are collected with virtually no impact on audit costs.
